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SILICA 



arSnfaSE Potion io .a maximum impuritv level of 
to ^ ^^ PPm * a , nd u f ° r lran *P«™t silica it should be purifiS 
rhp^i^ r ab0 ^ 1 30ppm - Th * Presence of TiO^in S 

huhhL i CaUSe pr ? bIems drawing tubing bv producing 
semi-conductor products the present of heavy 
metals, which act as conductors, would be deleterious y 

th^if'n 5iZe .5!i the Siiic ? fecd ib ver >" much ^pendent upon 
the fusion methods - torch, resistor furnace etc and sand 

3, f i? m l ^ 5 °°'* can * e The ratio of silica raw 
material to fused silica product varies from 1:1 to 3:1. 

Typical analysis of L'S high purity quartz sand 



A1 20.0 

F e 0.5 

Na o.4 

K o.4 

Ca 0.4 

Li 0.4 

Mtf 1.0 

Ti l.o 

Mux. retains! on 50 mesh screen 

Max. through 140 mesh scptvn 



Microsilica ^ 

essentially microsilica Ls not produced directly from a silica 
MilSi £ f<>rmed "1 a b W**«ct of fcrro-s-ilicon or silicon 
t However the final quality of the microsilica by^ 
product can be controlled to some extent by ensuring the purity 
of the siliot raw material (quartz) used to manufacturer the 
primary product. Mtcnwilica is recovered from tho hot waste 
jpiscs produced durin K fet-ro-silfo., n or silicon manufacture in thu 
following manner. SiO vapour mix** with- oxygen in the upper 
\TtZ ? art ° f r h '< funM ""- oxides to form SK> ; and condensos 
n the form of microspheres of amorphous silica. After passing 
through a pro-collector and cyclone to remove coarser particles' 
tho material is blown into and collet-tod i„ spcciallv .Wi^i 
ba#rhouse filters. The resultant product consists of fini.lv divided 
amorphous silica spheres with a particle- six., similar to that of 
tobacco smoke. Averse particle- diamotor is of the ordvi» of O r, 
microns. 

Microsilica obtained as a by-product of silicon metal manufac- 
ture possesses a higher silica content (94-9rt<* SiO .) than that ob- 
Lained from fcrro-silicnn production (about SiOO 
Subsequently, consistency of product quality to *2<7r can be fur- 
ther achieved by blending because of its by-product status 
microsilica has a considerable economic advantage over silica 
produced by other chemical means. The average price for un- 
treated microsilica grades varies from around £150-250 ikt 
tonne. & 1 

Typical chemical composition of microsilica 



by weight 



Refractory 
grade 



Concrete 
grade 



SiO, 

Al,0, 

CaO 

MgO 

Na,0 

K,0 

C 

MnO 
LOt 



94-98 

0.1-0.4 

0.02-0.4 

0.1-0.4 

0.2-0.9 

0.1-0.4 

0.2-0.7 

0.2-1.3 

0.OS-2.5 



83-96 

0.2-3.0 

0.2-0.3 

0.1-0.7 

0.3-3.5 

0.2-1.8 

0.4-3.5 

0.4-2.3 

0.7-4.0 
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About 120.004) t|w of hit* quality microsilica is available for use 
derived from silicon and ferro-silicon manufacture. The material 
is characterised by a very small particle size (average diameter 
o.lop), spherical particles, and a very high surface area (about 20 
sq metres per p). Those attributes combine to make microsilica 
a highly reactive silica product. Because of their size and shape 
particles are able to move between and around coarser particle* 
lining even the most minute spaces in any mixture. There are* 
consequently several areas of applicat inn for which microsilica is 
particularly well suited. 

Cementitious applications 

Jn cementitious compositiuns the microsilica particles act as a 
supen^ozzolan as well as filler, converting loss useful calcium 
hydroxide crystals into calcium silicate hydroxide gel binder. 

nl * r ^ults in an improved rnicrostructure because of the denser 
pore structure, which in turn results in reduced permeability in- 
creased durability, and higher strentfh. Hemline to amrrei^ate 
and ^reinforcing materials intrudes and in fib rc-r* in forced ,,r<- 
ciucts the fibre durability is also improved. 



Glossary 

Amorphous «Uiea is often used with reference to the ; 
uaturally occurring mineral tripoii which ia mined 
du«ve^ m Illhioia aiui Miteom 

a misnomer since tripoli ia a ntfcrocrystalline «ffica fa wifeb 1 ^ 
no amporphoufl particle* have been detected* True xm^'M 
pnous mHcaa include precipitated silica, fumed aa^^afflcaH 
ttlf and glassy imnerals Mch aa, expanded peri 4 *- T * * 
includes materials men as microdlica spheres wmcawv ^ 
obtained as a by-product from silicon and ferroHffllcon^ 
tnanufactore- • ...^ .-.WSSSr" 

'JPurnjed^UIca t3 an amorphoua synthetic silica ie. it is not - 
produced directly from a naturally CKXurring a0ica mineral, 
bat is a chem i ca lly derived 4Mdnct Aamod 6ilica c»4^ 
produced from the reaction of f srnhsillcon 5 1 ^51^ 
hydrochloric aad to produce silicon tetrachloride which la 
subaequenUy hydroliaed in a flame of hydrogen and oxraen * 
to produce silica. This product is also known as tmxm&c? 
or colloidal silica. The cost of famed silica (at aboat£4 perf 
kg) ia greater than that of mertmaica which Is esser^s^F 
m by-product and commands prices in the remori ofieSf^ 
than £1 per kg. Fumed silica w£B be considered In tho coh-^ 
text of this article only in those areas of application which * : 
overlap with naturally occurring silicas. < 

• M<croailica will bo used in the context of this feature to 
refer to the sOica spheres obtained aa a by-product of. 
BOicon and femveiUcon manuf actuxe. As such they will also ~ r 
be discimsed^akmgaSde natural silica minerals since they^ 
m esaentiaSy obtained as a primary product from affioar 
sand rather than being chemically derived. The term wffl^. 
not be applied to airy naturally ocasrrii« sOica ramendrln*? 
other literature intcraiiica products are also referred to aa-^ 
volatised, arc furnace, pyrogenic, and fume ailka- - : : .0 

P^ecfpita^d silica b a synthetkauy produoed mnorpboos! ' : - 
aflica obtained from the reaction of water glass (sodium* 
silicate) with carbonic or sulphuric acid. The sodiimis2^ 
is prepared by heating silica sand which . has been 
reacted with caustic soda. The product is then do** 
produce water glaaa Si&ca sand raw material 
qmremenu for this application specify a xnimmum 0»£ 
^^^^f^^^ 30 ^ 0M% ^niraina, and inaxtmumj^ 
0.1% Pe,0,. The sire requirement is for 100% less than 
mesh. 
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Pyrogenic silicas 

A s^Tithetic version of silica can .be produced by an electric arc 
process with a charge of quartz and coke but apart from minor 
usage by F B. Goodrich Co. in the USA and Deguasa in ™ 
Germany, this process has not been a truly commercially viable 
7\LJ<t T 3 . 1 l^P^f pyrogenic silicas are derived from 
aucon tetrachloride (also known as tetrochlorosilane). itself oro- 
duced from silicon metal (or in some cases ferrosilicon) for which 
the starting ra w material is lump quartz. 

( Fumed silica ^ 

r umeusuica is prepared by the high-temperature hvdrolysis of 
silicon tetrachloride m a flame of hydrogen and oiygen. The 
resultant silica consists of very fine spherical particles of an even 
size (typically in the 7-20 nanometre range). Primary particles 
are often joined together in aggregates or chains and most impor- 
tantly the outer surfaces are populated by hydroxyl ions. 

when ruined silica is dispersed in liquid systems, its surface 
hydroxyl ions can link the individual aggregates into intricate, 
three-dimensional networks which result in thickening or gel for- 
matiotu Since the linkages may be easily broken (by shear) and 
re-established the product is an excellent example of a thixo- 
tropic material 

When blended into powder systems, fumed silica works as an 
anUcakmg and free-flowing agent - since its fine particle size 
and higt surface area enable it to cover the large particles of 
powder with a thin coating. 

Other silicon-metal-derived products 

Silicon metal provides the starting point for a number of high 
jpurity silicon compounds including silanes, silicones, fumed silica 
(described above), and semiconductor silicon. The intermediate 
product for most of these compounds is silicon tetrachloride (or 
tetrachloroalane). 

Silicones 

The silicones, or polysiloxanes, are chemical polymers in which 
atoms of silicon and oxygen form the central chain (rather than 
carbon as in "conventional" organic polymers). In most silicones 
two organic groups — usually methyl (-CH ,) or phenyl (-C«H,) 
- are attached to each silicon atom. They range from oily liquids 
to rubbery solids and are stable toward heat, water repellant- 
chemically inert, and electrically insulating. Silicones are used as 
lubricants, hydraulic fluids, electrical insulators, and moisture- 
proofing agents. 

The main manufacturing procesa involves the reaction between 
methyl chloride with powdered silicon metal powder (in the 
presence of copper/copper oxide catalysts) to produce a mixture 
of chlorosilanes, which are separated by fractional distillation. 
?ti^ ercnt chloroaflanes, which have the genera] formula 
R^SlCl.^, can then be polymerised by controlled hydrolysis. 



Silanes 

The silanes are a series of covalently bonded compounds contain, 
mg silicon and hydrogen with the general formula SLH , and 
the simplest member is raonosilane, SiH, . The silanes arJTst™ 
tural analogues of the saturated hydrocarbons but are much le S5 
stable. Pure silanes can be made by the reaction between 
magnesium silicide and acid or between silicon tetrachloride and 
Uthium aluminium hydride; they are highly unstable and bum or 
explode on contact with air. The chlorosilanes are important 
intermediate compounds and may also be used in direct appli- 
cation to impart water repellancy to other materials. 

Semiconductor silicon 

The purification process to convert silicon metal into super-pure 
semiconductor silicon begins with the production of an inter- 
mediate compound such as trichlorosilane (SiHCl,) or tetra- 
chlorosilane (SiCl.) which is then purified by fractional 
distillation. The purified distillate is then pyrolyticaUv de- 
composed in an atmosphere of hydrogen to yield super-pure 
silicon metal and hydrochloric acid: 

H 2 + SiHClj - Si + 3HC1 . 

The polycrystalline silicon thus formed is converted to single 
crystal by the Czochralski or floating-zone method. 



Table 5, Typical properties of synthetic silicas 




Pdrei 



'•97 *■'"■** 





^Fumed 










78 


min 




2 








<0.05 




i8 




<xim : 


<IUJ3 


<0.003 




0.S 






1-^3 


35-100 


50-100 



2.1 
10*11 
97 



5-50 



23. 



Soorcem: Crafcld Ckftnb. Dvxuom. RfatePoaW, Cuboi Corp. 




J. STODDARD & SONS LIMITED, STOKE-ON-TRENT. 

Industrial Silica Sands and Powders 



High quality silica sand & silica flour 
supplied in a variety of grades for us 
many industrial processes 



in 



Enquiries to> 
84, Moorland Road, 
Burstem, Stoke-on-Trent, 
Staffs. ST61DY 

Telephone: (0782) 577099 
Fax: (0782) 575428 
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SILICA 



Comparison of 
UK 



Chemical 
{% by weight) 

SiO, 
Fe,0, 
A\ } 0, 
CaO 
MgO 

Na,0+K 2 O 

Physical 
Surface area 

Bulk density 

(kgfm*) 
Specific gravity 2.20 



entitious materials available in the 



iccjOPC 



92,0 
1.2 
0.7 
0.2 
0.2 
2.0 

15-20,000 
200-300 



PFA 



GOBFS 



20.0 

3.5 

5.0 
65.0 

0,1 

0.8 

350-500 



3.12 



50.0 


38.0 


10.4 


0.3 


28.0 


11.0 


3.0 


40.0 


2.0 


7.5 


3.2 


1.2 


300-600 


300^500 


1,000 


1,000-2,000 


2.30 


2.90 



CCBpS'^ 3 ' J 0 "' 1 "? " ra «^ PFA pulvrv^l fuel „ h 

ea as mineral admixtures in Portland cement pn«J^TT • 

the bulk of nucrosilica is n reduced • rfoi^_j„ j '- ^f™ 
3050:1976. NS3474:1978. ml aSwimh?^ d ° eXUt WS 



S10 2 content 

Alkali content as Na,0 

Carbon content 

% passing 45m sieve 

Solid content of slurries 

pH of slurries 



• 853k minimum 
2% maximum 
2% maximum 
99% minimum 
50%*2% 
5.5±1 



™} CTOS * Uc ? ™ off *' a number of beneficial effect* to 
concrete mixes including - total suppression of all^eni!™^ 

imi^^™*^??' ,m P™ v ed freeae-thaw durability 

Eo ^ S! y PUfpabiiity. increased chemieaffi 

^ compresaive - fl « u «* -<> 

Polymer application* 

MicrosiJica particl^ function as effective reinforcine fillers in «. 
traded polymer product*. Irving to impro™ Slim^S 

? ^ W "* 3180 Pn»<*w«d which contribute to a 
smoother product™ process and increased productivity 

Refractory applications 

nSufac\urf ^ ^ J ? Uica / radc3 P^uced from silicon metal 
manufacture are used m refractory applications because f ite 

X£ PnCe "21^^ availabil/ty. These S«^u3ed fat 
? refractory materials eg. castablea and bricks, where 
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than conventional materials The n*»w I**" * higher 

Sdu^ ra r ten, ^S JSnSK SK?S5K2S 

calcium aluminate contents of 0-10% bv wpi^f LT, 

• ^StLc^^ecTaa S^J 
eellent resistance to thermal shock because of the evenS™, 

hereby •^^^^JTnS^Zr^ t ,r h . ni<lucs 

and rtSR'SiWXrS^r 1 ^ ta ct f uslab,GS 
material, d a refractory 

atffla?^ Addition^, 
Other uses 

Filler and extender applications 

Silica i in its finest forms, as a flour, microsilica prccinitatorf *»A 

Sons HeTS U ° n rt ! n . «C 

t™ of It* 2!2 ? f "^ Jcle !nze . 8nd wrface area of the silica are 

? ^ important attributes. Tripoli is producedin a V 
variety of grades ranging from 99* lesa than 74u to 99% 1^ thJ, 

5, r r 'n P y Jf h,gh * av «raging about 9K-99% SiO, 
rilin«t„ • J r, P oh 1,16 h « hcr jron content whiK the 

y !? «»inpoaed of aggregatea of sub- micron oartidea 
dSS^^T*°W^ ^ omera ^ toTnHalSr 
i~ ntCnt ° f ^ ^ dea v «n'« from 8756 to 97^f 
Kri^ cummUy Bell for around $0.4-0.5 per lb' 

fou "d in agglomerated form, has partidc^rith 
nominal diameters ranging from 0.014-0.007- and aSfron^nV 
jver^ more than 99.8%. The cost^CS^t™^ 

Mastic 

Silica flour and tripoli are used to impart flexural and «,« 

addlt,on3 improve dimensional stability and 
E resistance to thermal shock. One P roWen7kienUfkd 

Sc^p^;^ fW ^ -caSelecf 
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